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（1）新型 SHINERS 纳米粒子的合成和 SHINERS 应用。SHINERS 技术是
表面增强拉曼光谱（SERS）的最新进展，打破了长久以来限制 SERS 技术发展
的基底普适性问题。SHINERS 技术基于超薄壳层核壳结构纳米粒子，但合成这




得 SHINERS 技术成功拓展到碱性体系。同时，利用在 Au 表面形成硫化物的方
法发展了一种快速修补 Au@SiO2 纳米粒子的针孔填充技术。最后，通过改变内




降低了 Pt 金属的使用量。将 Au@Pd@Pt 纳米粒子拓展至 Ag@Pd@Pt 和








































Core shell nanoparticles are a kind of composite nanoparticles, in which one 
component material is coated on another. Better than pure nanoparticles, core shell 
nanoparticles show some advanced properties and have wide applications in physics, 
chemistry, biology and so on. Ultrathin-shell core shell nanoparticles is a specific 
form of core shell nanoparticles and have a shell thickness of only a few atomic layers 
or a few nanometers. They shows some special effects due to the ulthrathin shell, such 
as isolated effect, Raman enhanced effect, geometric effect and electronic effect. 
Owning to these effects, they play a key role in shell-isolated 
nanoparticle-enhanced-Raman-spectroscopy (SHINERS), and have also found their 
important applications in electro-catalysis and bio-analysis. 
This thesis focuses on the synthesis, characterization and application of 
ultrathin-shell core shell nanoparticles. To be specific, we have carried out the work in 
the following aspects: 
(1) Synthesis of new SHINERS nanoparticles for SHINERS. SHINERS 
technique is the recent progress of surface enhanced Raman spectroscopy (SERS) and 
have broken the long standing limit on the universality of SERS substrate. SHINERS 
technique is based on ultrathin-shell core shell nanoparticles, however, it is very 
demanding for them to be used in SHINERS. Currently, the Au@SiO2 nanoparticles 
that used as conventional SHINERS nanoparticles have many drawbacks, for example, 
the core metal and the size of nanoparticle are not SERS optimized, the shell 
thickness is relatively high, and that Au@SiO2 nanoparticles are not possible to be 
used in strong alkaline media. In order to extend the SHINERS technique, we have 
initially synthesized Au@MnO2 and Au@sulfide via changing the shell material. The 
new SHINERS nanoparticles have a much lower shell thickness so as to increase the 
SERS activity. What is more, we also successfully make SHINERS use in strong 
















Au@SiO2 nanoparticles through the formation of sulfide on Au surface. Finally, we 
have synthesized Ag@SiO2 nanoparticles by changing the core metal to extend the 
application of SHINERS in excitation systems with green and blue laser. 
(2) Electro-catalysis study of ultrathin-shell core shell nanoparticles with 
multi-metal. We have designed Au@Pd@Pt nanoparticles with a core-shell-island 
structure. They  show extremely high electro-activity for the oxidation of formic acid 
and have greatly reduced the usage of Pt. We further synthesize Ag@Pd@Pt and 
Ag@Pd@Pt/C system to decrease the price of Au@Pd@Pt nanoparticles. In a 
meanwhile, Ag/Pd/C nanoparticles have been also studied for fuel cell reaction in 
alkaline media. 
(3) Developing a method for DNA detection based on ultrathin-shell core shell 
nanoparticles. We have synthesized Au@PMMA nanoparticles for the sucessful DNA 
indirect detection. This method has no need to modify dyes on DNA and has 
advantage of rapid detection and low cost. Due to the active group on PMMA, 
Au@PMMA nanoparticles are also suitable for the detection of other biomolecules. 
 










































这个术语最早是由 Carolyn, F 等 [29]在 1992 年提出的，他们首次制备了
























Figure 1.1 Some possible mixing patterns for two metals: (a) core shell, (b) subcluster segregated, 
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